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Experimental Section
Materials. All reagents were purchased from the Sigma-Aldrich Chemical Co. (Milwaukee, WI) and used as received without further purification. C 16 E 20 was stored in a glovebox under an anhydrous argon atmosphere to avoid adventitious atmospheric moisture uptake. Ultra-pure water (18 MΩ•cm) obtained from Thermo Scientific TM Barnstead TM Smart2Pure 3 UV/UF water purification system was degassed by sparging N 2 (g) for atleast 30 min.
1 H NMR Spectroscopy. 1 H NMR spectra were acquired in CDCl 3 in the presence of excess trifluoroacetic anhydride, using a Bruker Avance 400 MHz spectrometer with Smartprobe with a pulse repetition delay time of 20 s. All spectra were referenced relative to the residual proton LLC samples were hermetically sealed in alodined aluminum DSC pans (TA Instruments, Newcastle, DE), which were equilibrated at the desired temperature using a Linkam DSC hotstage for at least 5 min prior to data collection (typical exposure times ~ 1 s). X-ray scattering analyses poses a significant safety hazard and all institutional radiation safety protocols were followed to mitigate exposure.
Lab source SAXS measurements were made using a SAXSLab Ganesha300XL instrument in the Characterization Facility, University of Minnesota. Cu Kα X-rays (λ = 1.54 Å) generated by a Xenocs Geni3DX source were collimated through 2 or 3 sets of 4-bladed slits (JJ X-ray, A/S).
2D-SAXS patterns were acquired using a Dectris EIGER R 1M detector (7.72 cm × 7.99 cm rectangular area) with 1030 × 1065 pixels (75 µm × 75 µm pixel size) at a sample-to-detector distance of 46.8 cm. Samples were sealed in home-built sample holders with Kapton windows.
They were mounted within an evacuated sample environment and equilibrated at the desired temperature on a Linkam hot-stage for ~20 min prior to data acquisition (typical exposure times S6 ~10 min). X-ray scattering analyses poses a significant safety hazard and all institutional radiation safety protocols were followed to mitigate exposure.
All 2D-SAXS patterns were azimuthally-integrated to obtain one-dimensional scattered intensity I(q) versus q plots, using the DataSqueeze software package (http://www.physics.upenn.edu/~heiney/datasqueeze/index.html). The 1D scattering intensity profiles were analyzed using customized Igor Pro procedure files developed by our group.
Using the JANA2006 crystallographic computing system software,
1 Le Bail refinement of selected SAXS data sets was used to extract the structure factor intensities for each scattering maximum. These data were used as inputs for the charge flipping algorithms within the SUPERFLIP software package 2 to reconstruct the electron density maps for various observed LLC phases. The resulting electron density contour maps (typically, 90% isosurfaces) were visualized using the VESTA software package, 3 Details of these analyses along with the SUPERFLIP input files (in which the static structure factor intensities are listed) are provided on pages S9 and S19. 
Charge-Flipping Electron Density Reconstruction
The 1D-SAXS intensity I(q) versus scattering wavevector q profile for the as-made A15
phase at 25 °C with 58.9 wt% C 16 E 20 was scaled by multiplying the q values by 2, to halve the size of the unit cell to expedite the calculation and rendering of the electron density map with available computing resources. Le Bail refinement of the scaled SAXS data with a 10 th order polynomial fit for the X-ray background using the JANA2006 crystallographic computing software package enabled extraction of the static structure factor intensities for each peak in the pattern in the range q = 0.053-0.255 Å -1 (in the original, unscaled pattern), the Miller indices of which were assigned using the Pm3(-)n space group symmetry with a scaled cubic unit cell parameter a = 7.3081 nm. The structure factor intensities associated with each indexed SAXS peak are given in the text file below. Application of the SUPERFLIP charge-flipping algorithm using the input file below in 2000 trials yielded 11 converged electron density maps with excellent figures of merit (fm) < 6, starting from randomized initial conditions. The 11 converged maps were averaged and rendered using the VESTA software package to yield the 90% isosurface electron density maps shown in Figure 2A .
Details of the methodology were summarily described by Baez-Cotto et al., 4 and more details may be found in the original papers of Palatinus and co-workers.
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x1+1/2 -x3+1/2 -x2+1/2 x1+1/2 x3+1/2 x2+1/2 -x1+1/2 x3+1/2 -x2+1/2 -x3+1/2 -x2+1/2 x1+1/2 -x3+1/2 x2+1/2 -x1+1/2 x3+1/2 -x2+1/2 -x1+1/2 x3+1/2 x2+1/2 x1+1/2 endsymmetry composition C56 H114 O21 Figure S5 . An enlarged and fully indexed SAXS pattern for the LLC FK σ phase obtained on quenching a sample comprising 58.7 wt% C 16 E 20 from 70 °C to 25 °C and isothermally annealing it at 25 °C for 50 min. The complete assignment with indices for observed reflections are tabulated in Table S1 (see Page S14). Inset: 2D scattering pattern which was azimuthally integrated to give the 1D plot Table S1 . List of the observed and calculated peak positions for the Frank-Kasper σ phase formed by quenching an aqueous LLC with 58.7 wt% C 16 E 20 from 70 °C to 25 °C and annealing at 25 °C for 50 min. The corresponding tetragonal space group symmetry is P4 2 /mnm (#136) and unit cell parameters are a = 28.37 nm and c = 14.89 nm (c/a = 0.525). For a tetragonal lattice, the scattering wavevector modulus is given by: The 1D-SAXS intensity I(q) versus scattering wavevector q profile for the σ phase obtained upon quenching a sample comprising 58.7 wt% C 16 E 20 from 70 °C to 25 °C followed by annealing at 25 °C for 2 days was scaled by multiplying the q values by 3, to expedite the calculation and rendering of the electron density map with available computing resources. Le
Bail refinement of the scaled SAXS data with a 10 th order polynomial fit for the X-ray background using the JANA2006 crystallographic computing software package enabled extraction of the static structure factor intensities for each peak in the pattern in the range q = 0.0825-0.1300 Å -1 (in the unscaled pattern), the Miller indices of which were assigned using the P4 2 /mnm space group symmetry with a scaled cubic unit cell parameter a = 9.4577 nm and c = 4.9837 nm . The structure factor intensities associated with each indexed SAXS peak are given in the text file below. Application of the SUPERFLIP charge-flipping algorithm using the input file below in 2000 trials yielded 357 converged electron density maps with excellent figures of merit (fm) < 3, starting from randomized initial conditions. The 357 converged maps were averaged and rendered using the VESTA software package to yield the 90% isosurface electron density maps shown in Figure 4A .
********************************start_file*************************** Figure S6 . 1D-SAXS intensity profiles obtained every 2 °C, on heating the aqueous LLC with 58.7 wt% C 16 E 20 heated from 25 °C to 70 °C. Samples were equilibrated at each temperature for at least 5 min. A LLC BCC phase nucleates at 37 °C and it completely transforms to H I at 60 °C. The σ phase is notably absent on heating, and it can only be accessed upon cooling the H I phase. 
